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Abstract 

Twenty first century manufacturing is characterized by customer specific products. 
Customers expect greater differentiation in the products that companies offer to them, 
thus changing the whole landscape of production. Greater the variety of products being 
offered to customers, greater is the complexity of shop floor operations. This complexity 
is translated to all the operations in the shop floor including material handling and 
inventory control. To overcome this situation, many manufacturers have turned to “Lean 
Manufacturing” to gain a competitive edge in the market by reducing costs and improving 
productivity in all operations throughout the shop floor.  
 
Therefore, this purpose of this thesis is to analyze the material handling of a highly 
customized multi-variant product-based production system. The thesis represents a case 
study that was done at a caravan manufacturing company in Tenhult, Sweden. During the 
study, data was gathered from field notes, observations and multiple semi-structured 
interviews. The findings were analyzed with respect to a theoretical background which was 
generated through an extensive literature review that was carried out throughout the 
research.  
 
Our analysis was based on a systems approach where the findings were categorized into 
three dimensions that affect material handling and inventory control. These dimensions 
are warehouse management systems, culture, and production management, which 
contribute to successful implementation of lean into the material handling operations and 
inventory control.  
 
In conclusion, the results show that efficient material handling and inventory control can 
only be achieved by finding a synergy between technology, people and organization. Our 
results also show that soft issues like organizational culture and employee culture need to 
be addressed along with technological issues because only when an alignment between 
people, technology and business objectives and values is achieved, lean implementation 
can be successful. Our results also show the need for better supplier customer 
collaboration to reduce inventory levels and material handling operation.
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1 Introduction 

Twenty-first-century manufacturing is characterized by customer-specific products. This 
has led to complex production planning and control systems making customized 
production challenging. To overcome this situation and to become more profitable, many 
manufacturers have turned to “Lean Manufacturing”. Lean manufacturing gives 
manufacturers a competitive edge by reducing costs and improving productivity such as 
improvement in production lead time, processing time, cycle time, set up time, inventory 
management, defects and scrap and overall equipment effectiveness (Bhamu & Singh 
Sangwan, 2014). Firms adopting mass customization strategies look to supply turbulent 
marketplaces with customized products according to individual customer requirements 
with minimal loss of production efficiency. Inventory is one of the significant sources of 
cost inflation, typically associated with high customization strategies (Liu & Deitz, 2011). 
Hence, the research is based on a case study at a caravan and camper manufacturer located 
at Tenhult, Sweden. The researchers believe that the research into the topic will give the 
reader the ability to enhance his or her understanding of the challenges that exist within 
material handling in a highly customized production-based context and provide ways to 
tackle them.  

This research is as a part of 30 credit Master Thesis in Production Systems with a major in 
Production Development and Management. The following chapter will provide a 
background to the research and describe the problem in detail, mentioning the purpose 
and the subsequent research questions. The delimitations associated with the research are 
also presented. The chapter closes with an outline to guide the reader through the thesis.  

1.1 Background 

The world has seen three industrial revolutions which has brought us to where we are now, 
i.e., industry 4.0. Mass customization has infiltrated the market so much so that any 
organization that fails to evolve with customer demand fails to live up to the market 
expectations and hence see a downfall in earnings and brand value. Initially, during the first 
industrial revolution, manufacturers were few and controlled most of the market. Their 
only concern was product volume and hence used price as an adjustment tool to deal with 
the differences in supply and demand. During the second industrial revolution, we saw an 
introduction to new inventions like electricity, electronic machines, and hence the 
production volume was supported with a variety that the manufacturers could promise. 
This was also a period where Taylorism became popular, and hence mass manufacturing 
was possible using scientific management methods. Henry Ford was successful in using 
these scientific methods to mass manufacture the Ford vehicles, and Toyota used these 
methods to provide customers with a variety of products. This led to the birth of the 
Toyota Production System (TPS). As we went further, the third industrial revolution 
involved the movement from analog to a digital world. The products were designed 
differently; they did not have an integral architecture anymore. This meant that modular 
designs were coming up, which reduced the production costs largely. This led to a 
reduction in production cycle times and hence, the overall delivery time to the customers. 
This added a third dimension to demand – volume, variety, and delivery time. TPS evolved 
during this time, and the new methods made sure that any malfunctions in the assembly 
line were avoided and corrected using various techniques that originated in Toyota. The 
4th industrial revolution included the introduction of cyber-physical systems and the 
Internet of Things (IoT), which led to better visualization of processes, customer demand, 
machine performance and inventory, thus leading to better quality, efficiency, 
effectiveness, of all production processes.  
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Fast and dramatic changes in customer expectations, competition, and technology are 
creating an increasingly uncertain environment. In response, manufacturers are seeking to 
enhance flexibility across the value chain. Manufacturers now find themselves in a place 
where rapid technological improvements, customer demand for variety, and stiff 
competition compel them to improve their manufacturing ability to stay competitive and 
enhance customer experience (Zhang, Vonderembse, & Lim, 2003). Traditional 
manufacturing approaches such as mass production of standardized products are no longer 
viable competitive weapons by themselves. This gives birth to one of the main challenges 
of today’s manufacturing, which is to be both efficient, and be highly effective thus raising 
customer satisfaction.  

Hence, the new paradigm of mass customization has emerged. This means, more variety 
and customization, more is the burden on manufacturing and production. It has become 
hard to fulfill customer desires and needs. This is a situation that many organizations find 
themselves in. Offering customers numerous choices of appearance, performance, 
comfort, safety, and security comes at the cost of high complexity and costs in assembly 
and the supply chain. This shows that warehousing and material handling systems play a 
vital role in the supply chain, and requirements for warehousing and material handling 
operations have significantly increased.  

Warehousing and material handling allow matching vendor supply with customer demand, 
smoothing demand for seasonal products, and consolidating products. They also play a 
pivotal role in safety, quality, availability, and cost. Like anything else, high customization 
comes with its constraints. These constraints can arise within production planning, 
fabrication and assembly, supply and logistics, and design (Alford, Sackett, & Nelder, 
2000). Logistics constraints include part shortages, handling and receipt, stock control, 
transport breakdowns, timing variances, delivery times, supplier locality, capacity 
constraints, variety, and volume constraints. A large part of these constraints can be 
attributed to internal logistics and material flow. Internal logistics processes are designed 
to support the continuous flow of production materials, thus maintaining the appropriate 
quality, cost, and time (Alford, Sackett, & Nelder, 2000). Therefore, any company that can 
organize its internal logistics efficiently can reduce costs, damages, loss of material, space 
utilization, and hence maintain accountability of processes throughout the value chain. 
Since this research is supported by a case study at a Swedish caravan and camper 
manufacturing company, which is involved with highly customized multi-variant products, 
it will open up new horizons of research that could be done to evaluate such production 
facilities and ultimately improve them to eliminate wastes.  

In modern-day production systems, ever-rising product variety poses a significant 
challenge for the internal logistics systems used to feed mixed-model assembly lines with 
the required parts. Consequently, today’s mixed-model assembly systems need a very 
diverse range of parts, making the organization of a well-run logistics network one of the 
essential tasks to ensure that final assembly runs smoothly and efficiently. Hence, the shop 
floor place becomes very valuable, entailing most costs than benefits if not used efficiently 
(Emde & Boysen, 2012). Efficient in-house logistics are especially crucial to secure 
competitiveness as storage at the stations is usually one of the most expensive. Most 
Official Equipment Manufacturers (OEMs) in the automotive sector employ ‘Just in Time’ 
(JIT) strategies to keep final assembly well supplied while also minimizing work in progress. 
This high level of customization comes with a high level of challenges that need to be 
tackled to stay competitive (Emde & Boysen, 2012). Hence it is necessary to identify them, 
overcome them, and sustain them through continuous improvement. To understand how 
the material flow works in such a diverse product catalog context, this research was 
conducted at a case company, which is a Swedish caravan and camper manufacturer.  
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1.2 Purpose and research questions 

The case company is facing problems when it comes to their material handling and 
inventory control. Currently, there is no proper warehousing system, and hence the system 
that is accountable for keeping the inventory in check is not updated frequently enough. 
This leads to a lack of traceability of items. Also, a lack of transparent communication with 
the suppliers leads to the stacking up of raw materials. It also leads to the system not 
knowing how much material is currently in the warehouse, and how much has already been 
used. A reason for this is the fact that assembly operators and preassembly operators use 
materials without the knowledge of the material handling department. This shows that the 
problem is deeper than just a system failure but also is caused because of the employees. 
The shop floor is very unorganized, and the system does not know why the material is put 
in place and why it stays there for a long time. Since there is a lack of knowledge of where 
the material is, it leads to another problem of not knowing how much material is needed 
for replenishment. The consequence is building up of materials. Improper usage of shop 
floor space is one of the wastes in lean production, and this waste is seen very clearly on 
the shop floor. Unreliable warehousing, the unreliable headcount of materials that come 
in, and a lack of stock are to be blamed. The attitude at the company is such that the 
employees want to solve the problems daily and get it over with. There is an absence of a 
culture of continuous improvement, and hence the firefighting culture is high. This is also 
evident by the fact that the employees have a reactive attitude towards problems and hence 
wait until the problem shows itself on the surface. Once the problem is seen, the employee 
responsible for correcting the problem solves it and then does not follow it up by finding 
the root cause of the problem.  

Hence the purpose of the research is to evaluate and analyze internal material flow 
operations in a highly customized multi-variant product-based company, and thereafter, 
using research literature, a theoretical framework, interviews, observations and 
measurements, provide a roadmap to the company on how the material flow could look 
in the future using a lean perspective. The objective leads us to the following research 
questions:  

RQ1: What are the existing challenges within material handling in a highly customized multi-variant 
craftsmanship dominated production system? 

RQ2: How can lean methods be used to help solve material handling and inventory control issues in such 
a production system? 

 

1.3 Delimitations 

This research has been carried out at a case company with a “not very common” 
production context, and hence, the results generated in this research have low 
generalizability. Also, the suggestions in the thesis are not guaranteed to be applied in the 
case company because the implications of cost and organizational structural reform have 
not been considered. The focus on soft issues more than technical issues reduces the 
chances of the research being applied in all production contexts. Due to time constraints 
related to the thesis, an extensive value stream mapping was not conducted, which could 
have revealed more problems than the ones mentioned in the findings. Time studies of 
processes have also not been conducted due to the fact that the researchers were looking 
to solve soft issues that are usually overlooked in a manufacturing company.  
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1.4 Outline 

Chapter 1: The chapter describes the background of the study, it describes the problem 
statement and the purpose of the study, the research questions generated are shown here 
along with the scope, and last but not the least, the delimitations of the research have been 
highlighted.  

Chapter 2: The chapter provides a theoretical background to the research. First, the 
theoretical background includes various theories related to lean manufacturing, its wastes, 
and its principles. Second, lean logistics are described briefly, and background to 
warehouse management is provided. Third, material flow and techniques of efficient 
material flow are described. Fourth, KANBAN systems are described along with 
techniques like leveled sequencing. Lastly, the chapter ends with a description of supplier-
customer relationships.  

Chapter 3: This chapter informs the reader about the methods that have been chosen to 
carry out this research. The chapter also includes information about case study research, 
different data collection techniques used, information about the method of analysis, the 
method of reasoning and the validity and credibility of the research, and last but not the 
least, the ethical considerations were made to carry out the research.  

Chapter 4: This chapter presents the reader with the findings and analysis of the thesis. 
This includes the presentation of the empirical data found at the case company and then 
the analysis of the empirical data found with respect to theory, which was developed 
parallelly through an extensive literature review.  

Chapter 5: This chapter presents the discussions of the method and findings of the 
research. It also describes the limitations and implications of the research.  

Chapter 6: This chapter describes the conclusions that were made at the end of the 
research. It also presents the reader with the level of generalizability of the findings along 
with potential opportunities for further research.
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2 Theoretical background 

2.1 Lean manufacturing  

 

The Japanese perfected the art of lean manufacturing long before the Europeans and the 

Americans mimicked their strategies in order to serve customers faster, provide them with 

better quality products, and ultimately, reduce costs and make profits. According to (Jasti 

& Kodali, 2015), the transition and perfection of lean manufacturing is an essential task as 

customers have become more demanding for innovative products, and this has made 

existing methods obsolete. (Womack & Jones, 1990) were the very first ones to use the 

term “Lean” in their book, “the machine that changed the world.” (Jasti & Kodali, 2015) 

define lean as a tool that could be used to half the effort being put by workers in a factory, 

a tool that utilizes manufacturing space effectively and efficiently, and a tool that could 

help produce a new product with low investment in tools, engineering hours and time.  

Toyota was the pioneer of Lean manufacturing, which was led by Taiichi Ohno at their 

Toyota Motor company decades ago. Their production system focuses on eliminating 

wastes from their production. Their new system included two pillars, the Just in Time 

technique and the Jidoka technique. “Lean” initially started as a tool that was largely used 

in manufacturing firms to reduce costs and stay competitive. In the current world, Lean 

has transcended into a tool that is now being used in multiple firms, i.e., baking, consulting, 

medical institutions.  

The purpose of lean is to eliminate waste, and Taiichi Ohno divided wastes into seven 
categories: overproduction, waiting, transportation, unnecessary inventory, inappropriate 
processing, defects, and unnecessary movement. Also, according to (Jasti & Kodali, 2015), 
a large part of empirical (case study) research has been focused on unnecessary lean 
production waste. This further strengthens the aim towards reducing inventory and 
material handling waste at the case company, the researchers were involved with.  
 
There is no guarantee that the implementation of lean production results in a better overall 
performance of a manufacturing company. Of course, there is evidence that lean 
production practices create a streamlined, high-quality system that produces products and 
services with increased productivity, reduced cost, shortened lead times, and increased 
volume flexibility. (Wickramasinghe & Wickramasinghe, 2017) Investigated the effect of 
lean duration on manufacturing performance, and their findings revealed that lean 
production implementation does improve manufacturing performance provided the 
duration of implementation is streamlined and long enough to see the necessary changes. 
It is also very important for organizations to start off with a collection of lean production 
practices, make them work in synergy, and thereby reduce waste. A few examples of these 
practices could be Total Productive Maintenance (TPM), Single Minute Exchange of Die 
(SMED), Total Quality Management (TQM), agile manufacturing techniques. These 
practices need to be implemented, and their synergy needs to be realized to see the full 
effect of these practices on manufacturing performance. (Womack & Jones, 1990) State 
that lean manufacturing can only be achieved through time and lean manufacturing should 
not be used as a tool to solve short term problems. According to (Wickramasinghe & 
Wickramasinghe, 2017), the longer the lean production practices have been implemented, 
the greater will be the improved outcomes resulting from lean production. Hence, we see 
that lean duration is an important variable to consider when measuring the success of lean 
implementation.  
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(Mostafa, Dumrak, & Soltan, 2013) In their research paper, conducted an extensive 
literature review and found certain factors that are important for lean implementation. 
They are expert team building, situational analysis, lean communication planning, training 
process, lean tools, value stream mapping, lessons learned review, lean assessment, and last 
but not the least, lean monitoring and sustaining. Their discussions suggest that the human 
element is an integral part of the lean manufacturing system. Poor mindset and 
misunderstanding of the lean concept strongly restrict the lean implementation process 
and reduces the expected benefits for the organization. Therefore, a robust lean 
implementation initiative is one where the focus is on both the human element and the 
technical factors in parallel at all times. Hence, the framework they suggested had three 
core features: 
  
1) Building a lean expert team to enhance success in lean implementation. 

2) Lesson learned review and documentation of lean implementation for continuous 

improvement.  

3) Lean implementation monitoring and controlling for sustaining lean outcomes.  

(Zhang, Narkhede, & Chaple, 2017) in their paper where they evaluated lean 
manufacturing barriers, managed to group lean barriers in terms of the area they represent 
in an organization. These could be knowledge and conflict-related barriers like lack of 
knowledge, lack of training, insufficient understanding of the potential benefits, lack of 
understanding about lean, insufficient supervisory skills to implement lean, lack of 
methodology, and unwillingness to learn and see. There is also a misunderstanding among 
practitioners that lean implementation is only meant for large enterprises and just a handful 
of other industries.  
 
The second type of barriers are resources, management, and technology-related barriers. 
Lean managers in organizations which are not very keen on investing capital, find it 
difficult to overcome this barrier. There is also a lack of communication, time, labor 
resources, and lack of idea innovation. Lean implementation requires resources to be 
generated for training, new facilities, and IT systems. These are integral to the success of 
the organization. Management-related barriers are a great hindrance because they bring up 
issues like lack of a strategic perspective and a lack of proper organizational structure.  
 
The third type of barrier is the employee, financial situation, culture, customer and past 
experience related barriers. These are soft barriers which find it difficult to come to the 
forefront of any organization’s problems. These barriers are largely ignored as it deals with 
people and their mindset rather than scientific management of processes. These barriers 
can be employee resistance to change, lack of employee empowerment, fear of being 
replaced, safety and ergonomic issues, lack of enthusiasm in learning new skills, ignorant 
behavior towards team meetings, and networking. Sometimes employees don’t see a 
personal growth factor when it comes to lean implementation. If there are no personal 
benefits due to the lean implementation, an employee is never motivated enough to do the 
job perfectly. Culture is a hard thing to change, and hence, companies which are new 
towards lean manufacturing, find it hard to inculcate the same into their employees. 
Greater demand for new products from the customers has changed the way of producing 
products. This has led to an increase in product complexity and manufacturing methods. 
Hence, this also acts as a barrier to lean implementation.  
 
According to (Green, Lee, & Kozman, 2010), one of the main areas where lean 
manufacturing implementation can have great effects on the performance of a company is 
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material handling. This implementation effort starts with the determination of areas of 
improvement. For example, the focus must be on the way the materials flow through the 
processes of an organization and the effects of this material flow. The authors also talk 
about the most effective ways to assess the material handling: (1) value stream mapping, 
looking at the current process flow and what is desired in the future flow and (2) analyze 
the facility layout, including logistics used to move products in relation to where the 
products originate and their destination.  And the first step to this implementation process 
is to identify the area where the value stream needs to be carried out. Areas within the 
factory that display a lack of concern towards waste, where management needs are needed, 
and problems that cannot be addressed based on capital requirements. (Green, Lee, & 
Kozman, 2010) 
 
And then, once the value stream is being developed, the observations of the material 
handling process must be compared with the benchmark values that have been set by the 
corporate strategy adopted by the organization. This will hence provide a value stream of 
a futuristic state where there is the elimination of waste within the material handling 
operations.  
 

2.2 Wastes  

 
Wastes in the context of lean production include all that does not add value to the product 
or service from the customer’s perspective. Like mentioned before, wastes in a factory 
shop floor are diverse, including overproduction, waiting times, unnecessary movement of 
materials, inappropriate processing, inventory, defects, underutilization of people, 
environmental waste, and underutilization of facilities.  
 

1) Overproduction: Producing too much or too soon, resulting in poor flow of 

information or goods and excess inventory. It also leads to excessive work in process 

stocks, which results in physical dislocation of operations with consequent poorer 

communication.  

2) Defects: Defects could be frequent errors in paperwork, product quality problems, or 

poor delivery performance. Generation of waste will not just lead to waste of material 

but would also lead to shortages, hinder meeting schedules, create idle time at 

subsequent work stations and extend the overall manufacturing lead time (Rawadbeh, 

2005). 

3) Unnecessary Inventory: Excessive storage and delay of information or products, 

resulting in high cost and poor customer service. It tends to increase lead time and 

rapid identification of problems and eventually increases the need for more space. 

(Rawadbeh, 2005) 

4) Excessive Transportation: Excessive movement of people, information, and goods 

resulting in wasted time, effort, and cost. It includes any movement of material that 

does not add value to the product. Double handling and excessive movements are 

likely to cause damage to the products and reduce the quality. (Hines & Taylor, 2000) 

5) Waiting: Long periods of inactivity for people, information, or goods, resulting in poor 

flow and long lead times. The waiting affects both products and workers. This waiting 

time could be used to train the workers or carry out preventive maintenance. (Hines & 

Taylor, 2000) 
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6) Unnecessary motion: It includes poor workplace organization resulting in poor 

ergonomics like excessive bending or stretching and frequent lost times. It includes any 

unnecessary physical motions or walking by workers, which divert them from actual 

processing work. For example, a worker walking long distances looking for a tool or 

raw material is unnecessary motion.  

7) Inappropriate processing: Going about work processes using the wrong set of tools, 

procedures, or systems often when a simpler approach may be more effective.  

 

2.3 Principles  

 

Companies have improved their manufacturing capabilities to overcome the competition 
in the current global economic scenario, thus achieving improved performance, and 
sustainable continuous improvement. This has given them an opportunity to react to the 
volatility of the current global market. A set of principles governing the production 
department of an organization, it is one of the most expensive areas for a company, is an 
important attribute that organizations look to establish. These principles are established to 
integrate the principles of lean manufacturing and sustainability, supported by cultural 
transformation at the company. (Alves & Alves, 2015) quotes a few authors who say that 
for a manufacturing company to develop and maintain a competitive advantage in an 
increasingly globalized market, it should provide a vision to the production department, 
which in turn continuously aims at achieving efficiency and effectiveness throughout all 
the processes.  
 
(Alves & Alves, 2015) suggests a model that involves interactions between lean 
manufacturing, organizational culture, and sustainability. The interaction between lean 
manufacturing and organizational culture requires an organizational change to be 
successful. The employees must be engaged, committed, and motivated to support the 
implementation process and facilitate subsequent behavioral and cultural change in the 
organization. This is an intriguing point since, as mentioned before, the soft factors 
affecting implementation are never really looked at while change is being brought upon 
the shop floor processes. 
 

1) Production leveling  

1. Heijunka: production levelling by reducing batch size in order to make the best 

utilization of resources.  

2. Quick change overs: the ability to changeover from one product to another in 

a short period of time to allow small but more frequent production runs of the 

same product is called quick changeover.  

3. Takt Time: Takt is a German word that means beat or rhythm. This tool is 

sued to synchronize the production rate with customer demand in order to 

avoid overproduction. 

2) Visual control  

1. 5S: a visualization tool based on the conviction that organizing the workplace 

is essential to ensure a smooth workflow. It is based on 5 Japanese words 

starting with the letter ‘s’, which were later translated to the equivalent English 

words:  Seri (sort), Seiton (set in order), Seiso (Shine), Seiketsu (Standardize), 

Shitsuke (Sustain).  

2. Poka Yoke: failure prevention by designing machines in an error proof way.  
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3) Process improvement  

1. Value Stream Mapping Techniques: After identifying value from the 

customer’s perspective, the next step is to identify the value stream for each 

product.  

2. Kaizen: This refers to continuous improvement events: once a problem within 

the shop floor is identified, staff from various functions and levels work 

together in order to find solutions to the problem.  

3. Kaikaku: unlike Kaizen, these events involve major changes in the workplace, 

including factory layout and machine rightsizing. They are typically carried out 

during the start of a project.  

2.4 Lean Management  

 

Identifying improvements should be an essential part of everyone’s obligation and need 
not be confined to supervisor or management (Gilmore, 1990). (Meisel, 2012) says, “the 
recent literature has argued strongly for situated, versatile learning or learning by doing”. 
This situated nature of learning in the organization, permit the shop floor employees to 
solve their problems (Adler & Borys, 1996). These developments demonstrate that the 
shop floor employees find themselves with greater involvement and responsibility 
(Delbridge, Lowe, & Oliver, 2000). (Hasle, 2014) mentioned that is there is a positive 
relationship between the involvement of employees and lean implementation. The actual 
implementation of lean includes the change in cultural aspects of the organization, new 
way of approach to product development, to serve the customers’ needs, and a high level 
of training, educations of employees, from top management to the shop floor. Lean 
management has now changed into a complete administration framework. Thus, both the 
frameworks have numerous essential highlights, such as high quality, complete employee 
training, approval, board commitment, and correspondence, among others (Arnheiter & 
Maleyeff, 2005) (Bayraktar, Jothishankar, Tatoglu, & Wu, 2007). (Pavez & Alarcón, 2008) 
emphasized on effective implementation of lean management into the organization that 
includes process, people, and enterprise vision. These three competence areas contribute 
to shaping the organization into lean in all aspects.  
 
 
 

 

Figure 1: Lean Management (Pavez & Alarcón, 2008). 
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Table 1 : Competence Areas & Relationship with Lean Management (Pavez & Alarcón, 

2008) 

 

Competence 
areas 

Definition Key elements Relationship with lean 
management 

Enterprise 
vision 

common vision of principles and 
goals that workforces must have to 
align individuals and organization 
in terms of short- and long-term 
goals. It indicates that the 
individuals should be able to make 
decision based on the business 
purpose that is, enterprise 
requirements should be put over 
specific needs coming from the 
different organization actors that 
impact the decision. 

• Understanding 
strategical 
enterprise 
objectives and 
customer 
needs 

• Common 
organization 
vision and 
principles 

• Organization 
requirements 

In terms of lean 
management 
perspective these 
competences areas 
should be attentive on 
understanding the 
enterprise objectives 
(customer needs and 
internal operations) to 
align actions decisions 
for achieving this 
purpose. 

Technical 
competences 

This is the base for specialized 
work. It includes guidelines, ideas, 
philosophies, methods, tools and 
technology deployed to carry out 
the work and to solve specialized 
activity problems. For the case of 
lean construction specialists, it 
indicates gaining capabilities in 
construction techniques, project 
management and lean tools. 

• Construction 
techniques 

• Project 
management 

• Lean tools 

According to lean 
management concept 
individual’s technical 
competences should 
be attentive on how 
processes contribute 
in creating value 
stream more effective, 
with the goal of 
delivering the client 
what he/she needs. 

Social 
competences 

is the capable to motivate 
individuals for leading them to the 
desired performance state by 
bringing best out of them. It 
permits developing the informal 
organization in the right path by the 
point of view and take benefit of 
the conservation and social 
networks that produced by the 
organization. This is crucial 
element in creating high 
performance teams and this gains 
more importance as individual’s 
hierarchy gets higher. For 
developing this competence area, it 
is essential to have self- domain and 
social skills (leadership, team work, 
communication, etc.) 

• Self-domain 

• Social skills 

According to lean 
management concept 
individual’s social 
competences indicate 
the capable to co-
build teams and attain 
their commitment to 
organization 
processes to guarantee 
in delivering the client 
what he/she requires. 
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According to (Holtskog, Martinsen, Skogsrød, & Ringen, 2016), continuous improvement 
has two intruded dimensions, individuals and technology. These two dimensions are 
usually subject to one another. A change in technology frequently produces an adjustment 
in the individuals and the way of working with the technology. Technology as a support 
function for the people can achieve the task effortlessly and without any chaos. At the 
operator level, the data gathered for improvement activities shows that production workers 
are expected to make significant commitments to advancements and improvements. 
Functioning improvements can be applied in office or support activities as well as on the 
production line.  
 

2.5 Lean Culture  

 

(Prajago & Mcdermott, 2011) in their findings, confirm the importance of culture in 
determining superior financial performance. According to them, the two significant aspects 
of culture are – types of values and behaviors held by members of a firm and the strength 
or the depth of those behaviors embedded among the members the researchers believe 
that these aspects play a significant role in determining the success of lean implementation. 
(Bortolotti , Boscari , & Danese , 2015) say that “the congruence of managerial practices 
with high levels of in-group collectivism, future orientation, performance orientation, and 
human orientation is important to attain a synergy that facilitates high organizational 
performance levels”. Managers must encourage collaborative actions such as teamwork 
and integration to obtain higher performance when applying lean practices. This proves 
that soft practices are fundamentally essential for becoming a successful lean plant. 
Managers who understand the fact that high performance is associated with certain cultural 
elements in their chosen areas of emphasis tend to benefit the most. 
  
The impact of shop floor culture was very well described by (Losonci, Kása, Demeter, 
Heidrich , & Jenei , 2017) in their research. According to them, organizational culture is 
not a soft business issue but also a rather strategic competitiveness factor. They further go 
on to say that the lack of supporting organizational culture is one of the most common 
reasons for the difficulties and high failure rates experienced during the implementation of 
lean production. The problem is that organizational cultures could be a combination of 
either a common culture that represents all the employees, their values, and principles. 
Alternatively, it could be fragmented that every employee represents a personal philosophy 
and culture. A common organization-wide culture and philosophy are non-existent. Line 
managers must enable better team building and hence encourage the development of 
universal culture within the organization to use the benefits of such a widespread mindset. 
An analogy used by (Losonci, Kása, Demeter, Heidrich , & Jenei , 2017) compares 
organizational culture to fertile soil, where the plants represent the employees who need 
the right type of conditions to nurture and show proper growth.  
 
(Bhasin , 2012) however, says that there is no direct road map towards lean 
implementation. It is the organization itself that needs to work within itself and create a 
path towards lean. The vision and mission of lean must be something everybody can relate 
to. The sense of urgency within the organization, translated from the top management, is 
what paves the way for a cultural mindset shift. For example, according to (Bhasin , 2012), 
a lean steering committee in the early stages of lean implementation is needed to facilitate 
the push that is required to make sure the changes made are sustained. His findings show 
that an important initiative that aids overall lean implementation is training, which in turn 
reduces the time spent in the overall implementation process. As changes are made in 
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various processes, it is necessary to embed the changes into formal policies, procedures, 
processes, work standards, job descriptions, and skill classifications. The utmost 
importance must be given to organizational culture development since it is one of the most 
common reasons for the difficulties and high failure rates experienced during the 
implementation of lean production.  
 

2.6 Lean logistics 

 

Logistics is comprised of all the operations needed to deliver goods or services, except for 
making the goods or performing the services. It covers material flow between plants and 
between production lines within a plant. It also includes information flow generated by the 
processing of transactions associated with the material flows, the analysis of past activity, 
forecasting, and the planning and the scheduling of future activity. The flow of funds is 
also a part of logistical operations. In simple terms, it can be described as a big web of raw 
material extracts, suppliers, the manufacturers that add value to the product and turn the 
raw material into something that customers demand, the distributors who transfer these 
finished products to the customers. The management of these operations with efficiency 
and effectiveness is called logistics management or supply chain management (Baudin, 
2005).  
 
Inbound logistics is a dock to dock logistics. This means that it involves control over the 
raw material when it comes to a manufacturing factory to the time when it is made into a 
finished product and shipped out. The inbound logistics is under the control of one 
organization, and this type of logistics operation is different from outbound logistics in 
terms of distances, quantity, and vehicles. This type of logistics operation is also prone to 
bullwhip effect that is generated because of fluctuations in the flow of orders as we move 
upstream through a multi-tiered network of suppliers. The amplification of this problem 
trickles down the production processes and leads to the accumulation of buffer or 
inventory. To tackle this bullwhip effect, production managers use leveled sequencing so 
as to smooth the flow of materials to mixed flow assembly operations and thereby make 
the workload even and more predictable both for inside and outside suppliers (Baudin, 
2005). 
 
Business logistics is defined as organizing packaging, handling, transportation, storage, and 
retrieval of all types of materials and goods and related information to improve its overall 
performance and competitiveness. The expansion of business logistics to multiple tiers of 
suppliers, customers, and distributors is called supply chain logistics. The access to 
suppliers’ suppliers and customers’ customers becomes difficult here as the number of tiers 
of these suppliers and distributors keeps increasing. This issue calls for the reinforcement 
of the supplier structure to facilitate better communication between the manufacturing 
plant and the other stakeholders that are involved in daily operations. In the supply chain 
logistics, activities are allocated into protocol layers or decision layers. A protocol is a set 
of rules that governs interactions in a pre-planned manner such that no decision is required 
of the participants. The allocation of activities to the protocol or the decision layer 
determines which kind of information system it requires. The ERP system is an example 
of such an allocation. It involves activities that represent decisions taken by humans but 
don’t need them to and also vice versa. Other examples could be ordered shuffling and 
forecasting. The billing counter in supermarkets represents how production performance 
can affect logistics. The faster is the billing process, the better will be the service to the 
customer. Hence, the point being made here that production activities and logistics are 
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interrelated and affect each other in multiple ways. Hence, while making improvement 
decisions, importance must be given to the synergy that exists between these activities 
(Baudin, 2005).  
 
(Karlin, 2006) has used the term lean logistics to denote a logistics system in which short 
lead times and high quality are achieved through eliminating waste throughout the system. 
She also goes on to say that it will use the same system that is used in a traditional logistics 
system, although it tries to eliminate waste and manages the system from an overall 
philosophy, rather than managing the pieces that exist within it, individually.  
 
(Karlin, 2006) also insists that by definition, transporting material or storing material in a 
warehouse is not adding value to the material, and hence is a waste, and therefore, the 
shortening of lead times in a logistics system removes waste from the system.  A lean 
logistics system assures that even if suppliers fall into the trap of overproduction, the 
windfall of unneeded material will not arrive on their customer’s dock.  
 
(Jim Wu, 2002), in his analysis, says that lean production does influence every aspect of 
logistics process from purchase to manufacturing to transportation and physical 
distribution. He also says that despite the fact that logistics influences the relationship 
between suppliers and customers, transportation does not really get the importance it 
deserves. This shows that without an efficient logistic process, all the benefits of lean 
manufacturing cannot be yielded.    
 

2.7 Warehouse management  

 

(Ballard , 1996) says warehouse management encompasses all activities or operations that 

happen within the warehouse and for better utilization of raw materials. Also, warehouse 

management fits more at the execution level to do it better, requires better quality 

information derived from precise monitoring and measurement of all activities within the 

warehouse. It provides a source of feedback to the inventory control system, which allows 

taking the right actions by the managers in different situations. Warehousing is 

fundamentally about the physical control of goods and raw materials. Nonetheless, the key 

guideline of material administration is that the material flow and information flow must go 

connected like hand in hand. To have high supply chain performance that efficient 

information flow is critical (Madenas, Tiwari, Turner, & Woodward, 2014).  

(Scioscia, 2014) says that the solutions to problems within warehouse management include 
both hardware and software solutions, which can ensure the accuracy of inventory and 
organization of product services like shipping, receiving, inventory management, staff, and 
purchasing. The software side of warehouse management is very critical in keeping the 
performance levels at an optimum level. According to (Scioscia, 2014), many warehouses 
aim at being lean but face problems like scattered items across the shop floor. (Faber , De 
Koster, & Smidts, 2013) support this statement by saying that the warehouse performance 
is determined by the labor-intensive processes like storage and order picking, which are 
more often than not, complex. Specific problems related to visibility are also mentioned 
by (Michel, 2006, 09) in his research. According to him, managers are not aware of the fact 
that the inventory levels have decreased below normal. He says that it is essential for 
organizations to collaborate with their supply chain partners on a real-time basis to keep 
inventory levels at a normal and have greater control over them.  This enables 
organizations to introduce real-time visibility into their business operations and thus 
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highlights the problem areas and performance issues that can be dealt with. Once these 
issues are solved, the approach to solving these issues can be standardized to make sure 
they do not arise again.  
 
(Faber , De Koster, & Smidts, 2013) provide a road map towards efficient material 
handling and divide it into three categories of systems. The first being a tactical planning 
system, which includes stock planning, storage location assignment, transport planning, 
and capacity planning. Stock planning includes the decision of where the items are kept 
and in what quantity and when the shipments arrive. Storage location assignment means 
which shelf and which pallet the items must be placed in. It also includes decisions about 
which zones the shelves are located and the zones where the pallets are kept. This reduces 
the time to store and retrieve items. Transport and capacity planning include the planning 
of personnel deployment and equipment usage. The second category of systems is the 
inbound storage and outbound decision rules. This system involves decisions related to 
sequencing, scheduling, and routing of order picking and storage/retrieval operations. The 
third and last category of systems is the control systems. Things do not always go according 
to plan - customers may change their minds about what they want, and when they want at 
the last minute, suppliers may not deliver on time, machines might fail, the inventory 
records may be inaccurate, and staff may not be available for different reasons. Hence, the 
monitoring, analysis, reporting, and intervening are the core of this control system. To 
make sure the shop floor operations run smoothly, accurate, and timely information of the 
current state is very essential.  
 
A technique to reduce the unwanted material at the shop floor is the usage of “Milk Runs”. 
(Domingo, Alvarez, Melodía Peña, & Calvo, 2007) provide a set of steps to establish a milk 
run. First, the first detail to be established is the rate of consumption of material. This 
involves the calculation of the speed of the assembly line. The next detail is the number of 
trays needed for each part. This means there is a need to establish the number of milk runs 
and the visit frequency to the stations. Another detail that a manager must know in advance 
is the available storage shelf area. This includes metrics like the capacity of a storage shelf, 
workstation capacity, trays capacity, speed per tray, and the visit frequency and stop points 
of milk runs and reorder points of the material at the workstations.  
 
Another technique involves the usage of labeling technologies that facilitate automatic 
product identification (Connolly, 2008). Technologies like bar codes, Radio Frequency 
Identification (RFID), facilitate automatic reading because operators can carry a handheld 
device that can identify items around the shop floor and speed up the task of updating the 
database with the current state of inventory levels. (Connolly, 2008) says that these 
handheld devices, along with rugged computers with wireless communications, give real-
time capability and integrate stock control into broader software systems for efficient 
resource management. He suggests RFID scanners be placed at the entrance and the exit 
of a warehouse to make sure that the items entering and exiting the warehouse are always 
updated onto the database. This eliminates the need for regular stock counting. This also 
improves visibility. Knowing the locations of items is essential to order picking efficiency. 
Information about where items are and how many are in the inventory can be 
communicated to the operators through signals or through voice. However, it is very 
important these solutions are combined with suitable software to make sure that a 
sophisticated warehouse system is achieved incorporating inventory, remote customer 
order entry, purchasing, and all other aspects of enterprise resource planning.   
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According to (Koss, 2001),  warehouse management systems, and space are critical. 
Barcoding and scanning devices (personal data assistant) make stock recording simple and 
effective. The automated locator system makes material storage and retrieval efficient. 
Successful space use achieved by checking stock turns, out of date bundles stacking 
confinements, and space assignments. 
 

2.8 Milk runs  

2.8.1 Supplier milk runs  
 

Supplier milk runs are a scheduled pickup of parts from multiple suppliers designed to 
support a given production strategy of a factory shop floor. For example, a factory can 
have a link with multiple suppliers who make multiple truck deliveries a day based on the 
schedule generated by the production department. The number of replenishment trips 
made by the suppliers also depends on the distance of these suppliers from the factory, 
and hence, this affects the overall production capability of a company. (Baudin, 2005) 
 

2.8.2 In-plant milk runs  
 

In-plant milk runs have a replenishment frequency in terms of minutes rather than hours. 

The range of quantity of replenishment also varies from single pieces to bins as opposed 

to pallets. The handling of in-plant milk runs is rather convenient because they are 

managed by a single department of a single organization rather than it being a single 

company-multiple suppliers’ function. The controlled environment that the in-plant milk 

run exists in, increases the reliability of the corresponding schedules of these milk runs, 

since they are not affected by weather conditions and such, although an efficient milk run 

strategy needs to be customized for the specific needs of a factory shop floor. (Baudin, 

2005) 

2.9 KANBAN system  

 

Organizations have come up with their Kanban system appropriate for their production 
capacity to make their processes more efficient and productive. Kanban comes with a great 
number of advantages, and hence companies need to understand the importance of its 
successful implementation. The benefits are such as cost savings, developing flexible 
workstations, reducing waste and scrap, minimizing waiting times and logistics costs, and 
reducing inventory (Pinto, Matias, Pimentel, Azevedo, & Govindan, 2018). Kanban system 
ensures value is being added to the product only when there is a need for it (Rahman, 
Sharif, & Esa, 2013). The system is based on an order being pulled by a customer and 
subsequent pulling of parts from the suppliers. The pull can be a customer pull (external) 
or the production personnel at the succeeding station in a manufacturing facility (internal). 
Kanban signals can be classified into a dual card system for signaling production and 
transportation. The Kanban system provides mixed model production along with optimal 
inventory level, which results in less lead time in product delivery and effective utilization 
of resources (Sundar, Balaji, & Kumar, 2014).                                                                               
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2.10 Supplier customer relationships  

 

(Gorton , et al., 2015) mention that buyer-supplier relationships have long been recognized 
as a factor influencing business performance. (Srinivasan, Mukherjee, & Gaur, 2011) found 
in their results that effective management of the supply chain plays a vital role in 
contributing to competitive advantage for many firms. Their results showed that there 
exists a positive relationship between partnership quality of a supplier and buyer and supply 
chain performance. They also go on to say that top managers need to develop and maintain 
good quality partnerships since it has a positive effect on supply chain performance. It is 
very important for managers to gauge the external environment so as to deal with the 
uncertainty that arises with the business, which in turn might have a negative effect on the 
supply chain performance. (Srinivasan, Mukherjee, & Gaur, 2011) also, mention that 
managers must understand that good quality partnership could be the key to dealing with 
and mitigate some of the common inherent demand-side risks.  
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3 Method and implementation 

3.1 Research Approach  

 
The research approach is inductive and interpretivist because it is guided by a particular set 

of objectives and there is no hypothesis building. To get in depth knowledge, about the 

problem at the case company, literature was done along with data from interviews, 

observations and filed notes. To be clear, the case company was not chosen by the 

researchers to fit the context of the problem. Moreover, it was the case company, that 

provided the problem statement and it was the job of the researchers to conduct an in-

depth literature review of the problem context and collect data from the case company.  

The literature review provided background about the evolution of industry, the drivers of 

customer demand and the role of material handling, within these topics. Based on the 

literature review, a theoretical framework was created that provided data that could be 

compared with the empirical data gained from the company. Empirical data was collected 

through interviews, observations and field notes.  

Subsequently, using both theoretical and empirical data, a path towards lean 

implementation and efficient material handling in a craftsmanship dominated production 

system.  

 

 

Figure 2 : Research approach 

 

3.2 Case Study method  

 

The research follows a single case study approach to have empirical data that could be 

compared to the theoretical data. The case study method was chosen because it enabled us 

to understand the theory collected from the literature review in a real-life context and also 

because of the fact that the research would mostly be concerned with qualitative data. Case 

study research has been extensively in the social sciences as a means of developing an 

understanding of social phenomena in their natural setting (Williamson, 2002). The unit of 

analysis for this case study within the case company is the material handling department. 

The researchers believe that since the research is carried out by a team of two students, it 
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provided a sense of confidence which would have not been possible if the researchers 

worked alone. Key advantages of having multiple investigators are twofold. Multiple 

insights into the same case add richness to the data that is being obtained, the different 

perspectives increase, and the likelihood of capitalizing on any new insights increases. 

 The empirical data was collected through interviews, observations and field notes. These 

data collection techniques also made certain shortcomings within the theoretical 

background more prominent. This enabled an iterative process within the research, raising 

the validity.  

 

3.3 Literature review  

 

The literature review was performed in three areas that were appropriate for the research 
work. Lean Manufacturing, Logistics and Warehouse Management Systems were the topics 
within which the literature review as conducted. The information gathered from these 
topics helped construct the theoretical framework of the research. The database used by 
the researchers were Primo (JU library), ScienceDirect, Scopus, Emerald Insight, Google 
Scholar, with the search criteria being based on old and recent articles to make sure the 
relevance of the research is high. Peer reviews articles were also given priority as it would 
increase the reliability of the research. Snowballing technique was also used to gather 
information from the articles cited in the articles collected during the initial literature 
review. This helped the researchers get more relevant information of a respective topic.  
 
The literature review, in the beginning was done to generate initial concepts about logistics 
material handling with respect to lean manufacturing. The first step during the literature 
review was to generate theory for the cornerstone of the research, Lean manufacturing. 
For this, using the databases mentioned above, search terms like – “Just in Time” (JIT), 
“Lean Manufacturing”, “Organizational Culture” AND “Lean”, “Information Flow” 
AND “Lean” – were used. These search terms generated articles that provided a good 
background of lean manufacturing and its relationship with JIT, organizational culture, the 
flow of information within a manufacturing company, the lean wastes and its principles. 
  
The second phase of the literature review was done to gain insights into logistics 
operations. The search terms used here were – “Material Handling”, “Lean Logistics”, 
“Milk Runs”, “Smart Logistics”. The articles that were chosen through these search terms 
using the databases, Primo and Scopus provided information that were used as a base for 
the interviews that were scheduled at the case company. The questionnaire made before 
the interviews, mentioning the questions and the topics of the discussion, were backed by 
the literature review. The information was also used to make sure that the observations at 
the shop floor were compared with the theoretical data that spoke about efficient in plant 
logistics and material handling techniques. Of course, to gain greater understanding of the 
topic, snowballing technique was used that led the researchers to further research papers 
on the topic of logistics.  
 
The third phase of the literature review was done to support the analysis part of the 
research. The literature review was performed on the topic warehouse management 
systems and material flow. The search terms used during this process were – 
“Warehousing” AND “Lean”, “Warehouse Management”, “Material flow” AND “Lean”. 
The information that was gained during this phase of the literature review was used during 
the analysis of the findings in comparison to the theoretical background of the research. 
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Snowballing technique was again used to make sure that in-depth knowledge was gained 
through this literature search. 
 

3.4 Method of Reasoning  

 

(Williamson, 2002) says that inductive reasoning begins with particular instances and 
concludes with general statements or principles. The reasoning throughout the research 
will be inductive rather than deductive, as the researchers believe that the research does 
not involve hypothesis building. The thesis also derives its concepts from observations, 
field notes, and interviews. This enabled us to retrieve valuable raw data needed for 
subsequent data analysis and interpretations needed to build concepts and conclusions. An 
intensive literature review provided the research with a strong base that gave strength to 
the reasoning. The findings, as mentioned before, have been derived from observations, 
field notes, and interviews from the shop floor. 
  
Hypotheses have not been generated for the sole reason being that the research uses a 
large chunk of qualitative data rather than quantitative data. Using hypotheses with a 
qualitative approach is rather unnecessary because, with a qualitative approach, a researcher 
uses small samples and does not submit its data to statistical tests, which aim to uncover 
the unexpected and explore new avenues of related inquiry as they open up. Throughout 
the research process, the theory was built at different stages and not at the same time, thus 
mimicking an interpretivist research approach.  
 

3.5 Data collection  

3.5.1 Interview 
 

According to (Thomas, 2016), in a semi-structured interview, you provide the structure 
with a list of issues (rather than specific questions) to be covered, and you have the freedom 
to follow up points as necessary. The downside with a structured interview is that it does 
not have very much in its favor and could instead be done via electronic mail. Hence, to 
avoid this pitfall at the case company, the interviewee was given a set of pre-determined 
questions. However, the interview was carried out in a semi-structured way, where the 
interviewee had the freedom to go beyond the scope of the questions and share greater 
insights into the issues being discussed. Unstructured interviews were used sparingly. 
However, when the need was seen, small unstructured interviews with the production 
managers were taken to gain critical information about the problem at hand. This is an 
accurate representation of an interpretivist research method.  
 
The interviews were scheduled after the second phase of the literature review to make sure 
that the researchers had enough knowledge about the topic of discussion and could have 
an in-depth conversation with the interviewees about in plant logistics and material 
handling and the shortcomings of the processes within the case company. To make sure 
that all the information from the interviews were not missed, the interviewees were 
requested if it was okay to record the interview. Only after the researchers had permission 
to record the interview, the interview was conducted.  
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3.5.2 Observation  
 
According to (Thomas, 2016), observation is one of the critical methods to collect data. 
The approach when it comes to observation was unstructured. The researchers felt that 
without being bound to a structure, it would further raise the value of the observed social 
situation. The researchers enter the field of study as participants to observe the field of 
study in its standard-setting. This is usually what is seen in a case study. (Thomas, 2016) 
defines this as ‘participatory observation’. As participants, the researchers gained firsthand 
experience of the problems that were prevalent on the shop floor. Also, the more the 
employees on the shop floor saw us, the more they trusted us, and hence it was easier for 
them to convey the problems to us. It was also easier to notice the shortcomings of the 
application of a lean culture throughout the factory and also the internal material flow. 
 

3.5.3 Field notes  
 
(Eisenhardt, 1989) describes field notes as a running commentary to oneself or to a 
research team, which are an essential means to achieve an overlap of joint collection, 
coding, and analysis of data. Field notes are a massive part of observations since much time 
is spent on the shop floor observing the employees and their attitude towards the concepts 
of lean manufacturing. An essential feature of taking field notes is to “write down whatever 
impressions occur, that is, to react rather than to sift out what may seem important, because 
it is often difficult to know what will and will not be useful in the future”. 
 

3.6 Method of analysis 

  
The qualitative analysis is based on systems thinking where the aim was to notice empirical 
patterns and compare them to theoretical patterns. Once this comparison was made, it 
allowed us to draw conclusions about the problem. The research had data that was 
collected through field notes, observations, interviews, and some historical information 
obtained from a previous project done at the case company. (Cao, 2007) emphasizes the 
fact that the findings must be supported by theoretical data so that others interested in the 
research can make an informed decision about the applicability of these findings. The aim 
was to make sure that the actual results could be matched with the prediction, so that 
reliable conclusions about the effects of the implementation of lean, in a multi-variant 
product-based production system, might be drawn. After a research road map was drawn, 
and when the empirical data was collected, it was compared with the predicted patterns 
(theoretical data), to analyze if they are in line with each other based on predefined criteria, 
which is the theoretical framework the researchers chose.  
 

3.7 Validity of the research  

 
The researchers believe that the research has high internal validity because the data has 
been collected within the boundaries of the case company, and hence the conclusions 
drawn are valid to the internal working of the case company. Also, almost all the empirical 
data that was collected was obtained from interviews, observations, and field notes, which 
eliminates the concern of making inferences without observing the phenomenon. 
According to (Cao, 2007), to enhance the validity of the research, the researchers must 
state the methodology encompassing a particular framework of ideas in advance, through 
which the research will be understood and interpreted. The framework and the method 
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the research uses are used to stitch the research together raises the validity of the research 
two folds. 
 

3.8 Credibility of the research  

 

When it comes to the credibility of the research, (Cao, 2007) says that using a systems 
approach blended with pattern-matching might be able to enhance research 
trustworthiness. The research is a blend of both technical issues within the company, the 
soft issues that the company, more often than not avoids, and personal opinions drawn 
from the interviews that were undertaken. Hence a systems approach is evident throughout 
the research. Also, the empirical data obtained from the case company is compared with 
the theoretical framework that the researchers agreed to work on. This, in the researchers’ 
opinion, raises the credibility and trustworthiness of the research.   
 

3.9 Research ethics  

 

Every decision in research affects other decisions somehow. No decision can be taken in 
isolation. Hence, the researchers believe that following ethics is vital in the research. Since 
the research was carried out at a company, it becomes even more critical to have a set of 
rules to adhere to, keeping in mind, company privacy and also people’s privacy and rights. 
(Williamson, 2002) points out a few questions; researchers could ask themselves, to realize 
the importance of following ethics during research.  
 
Ethical research involves and uses humans respectfully and equitably without trying to 
change them or their surroundings. Ultimately, the research must be motivated by 
honorable intentions, and that is how the researchers approached the research. The aim of 
the research was to help the case company solve the problems within their shop floor and 
at no point was the aim of the research compromised. The privacy of the case company 
was respected and hence all the recordings of interviews were deleted when information 
was collected from them. Also, after a conversation with the case company, it was agreed 
that their name would not be mentioned in the report. This agreement was respected and 
hence their name has not been mentioned in the report. Also, the authors and their work, 
that provide the theoretical framework of the report, have been cited to give them their 
due credit.  
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4 Findings and analysis 

4.1 Findings  

4.1.1 Case company  
 

The case company is a Swedish manufacturer of caravans and motorhomes, located in 
Tenhult, Sweden. The company began manufacturing its caravans in the early 1960s and 
its headquarters, Carpentry factory, development, and manufacturing facilities, are located 
in Tenhult. Their manufacturing facility produces walls, ceiling, and floors for caravans and 
motorhomes. The case company is supplementary to a parent company and additionally, 
it includes one of the Scandinavia's leading manufactures of caravans and motorhomes 
accessories and another company, an importer of a Slovenian manufacturer of caravans 
and motorhomes.  
 
The case company’s caravan production facility consists of U-shaped assembly line, where 
the caravans are produced right from the beginning, where the chassis, side body, Flooring, 
cabling, pipes for heating system, wheels are assembled on the first half of the U-shaped 
assembly line. The other half of the assembly line is carried out by rest of the caravan 
assembly takes place. The U-shaped assembly line is based on the takt time, but the first 
half of the assembly line does not have an automated conveyor, and the other half of the 
assembly line contains takt time based driven conveyor. There are various subassembly 
sections on either side of the main assembly line, which makes subassembly parts for the 
caravans. These Subassembly parts are mounted on the caravan in the main assembly 
sections, and raw materials for the subassemblies are stored on either side of the assembly 
line. The inventory storage areas and material handling systems are equipped with barcode 
technology. The inventory is recorded manually by the material handler in the system and 
the barcode system, which are not currently used to record the inventory. There is 
unutilized storage area at the warehouse which requires an inspection to store the raw 
material, due to this the incoming raw material from the supplier is not always stored at 
the warehouse often stored near the shop floor. The researchers also learned that change 
projects are usually backed up by hard facts which the top management reviews. The 
factory manager is then responsible for organizing pilot tests to check if the change project 
is actually worth the time and money being spent on it and if the change project is 
improving process efficiency. Also, if there are technical issues like design problems, they 
are corrected, and a revised version of the drawing is uploaded into the system to sustain 
the change.  
 
Supplier factory: The supplier factory produces raw material for the caravans as well as 
RV plant and works in three shifts. After the wooden parts are produced, the supplier 
supplies the raw materials in large batches to the caravan as well as the RV plant. The raw 
materials required to produce one series of caravans are delivered by the supplier, a day 
before the start of a new production series, in the form of pallets. These pallets contain an 
exact number of parts required to build a number of caravans in one series, and the supplier 
tries to support the case company’s highly customized products by delivering the parts as 
soon as possible. The supplier is located in close proximity to the case company and 
supplies the majority of raw materials (wooden parts, plastic profiles, etc.) to the caravan 
production facility and RV plant. 
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The findings are categorized based on the data that was collected from the case company 
by using techniques like interviews, observations, and field notes. These categorizations 
are done in order to provide the clear picture of challenges or barriers for smoother flow 
of materials. (Rafique , Ab Rahman, Saibani, Arsad, & Saadat, 2016) also mentioned in 
their research, that “manufacturing industries depends on these critical barriers like 
availability of expertise, leadership attitudes, supportive organization culture, finances, and 
management’’. These hindrances influence the association in various measurements like 
senior and center administration attitude, organization culture, poor organization identified 
with workers, lack of awareness and finances, unequal stock control, shop floor 
representative mentality, unstable customer scheduling, long lead times and lack of 
information and visibility on the system.  
 

4.1.2 Warehouse management system  
 

Table 2 : Identified problems in warehouse management system 

 

Barrier 1 
 

Identified Problems 

 
 
 
 
 

Warehouse management System 

• No proper warehousing system to handle 
the uncertainty of demand by the 
customers. 

• IT system not updated enough to 
support the production processes. 

• No traceability of materials from the 
warehousing to production facility. 

• Improper data documentation related to 
manufactured goods and used raw 
materials.  

• Inventory is managed with reactive 
attitude, when the items are over and 
nobody finds it anymore. 

• A common communication platform is 
missing throughout the organization, 
related to data. 

• Throughout the factory nobody knows 
the information about the fluctuations in 
the inventory levels. 

• Increased level of stress due to missing of 
materials / items and no fixed locations 
for incoming materials to store, from the 
supplier.  

•  The materials are pushed to the 
production facility and hence, creates 
chaos in finding and performing the 
tasks.   

 

 

 

 



Findings and analysis  

29 

A common problem voiced by employees in the interviews conducted and seen during the 
observations was the lack of warehousing system competent enough to deal with the high 
level of differentiated raw material that kept coming into the factory. The plant manager 
supported this statement by saying that if there is a need for change, it is to be applied to 
the material handling department as that is where the most significant problem lies. There 
is a constant problem of products arriving late to the workstations due to various reasons. 
It could be a supplier problem because the production did not run smoothly in their factory 
due to machine downtimes and design issues. It could be an external logistics problem 
where the trucks bringing the raw material breakdown before arriving at the factory or are 
late due to other reasons. It could be an internal logistics problem where the material is 
inside the factory. However, nobody knows where they have been kept because the IT 
system lacked the infrastructure needed to help employees keep the inventory levels in 
check. This led to a lack of traceability of items when lost/more/less/damaged. A shared 
culture within the factory was the complacent attitude towards updating the system about 
the usage of raw material and the logging in of finished products. This happened because 
inventory was checked, only when the items were depleted or if anybody could not find 
them. This showed that the factory was very reactive in its approach rather than being pro-
active. This observation was supported by one of the answers during an interview where 
an employee was very honest when she said that they did not know where the items that 
were needed are most of the time, or they did not know how many items to reorder if they 
did not find them in the first place.  
 
A common communication medium was missing that could have alerted the material 
handlers about the current inventory levels and also about how much to reorder and when 
to reorder if the number of items went below the optimum level. If one went a level above 
this problem, he/she would notice that the information about the inventory levels was 
never available to anybody throughout the factory even though they had an IT system that 
kept logs about how much raw material was coming in. This led to an increase in stress 
levels of the material handlers, who then could not make the right decisions when it came 
to reordering and inventory optimization. Another problem that relates to the inefficient 
warehouse management system was that the raw material that came into the factory was 
put in random locations rather than something fixed, which led to increased levels of 
confusion and firefighting. Due to the complete absence of an MRP system, it was difficult 
to assign raw material to different stations. Such decisions were left to the material handler, 
and hence the reliability of the whole process went down.  
 

4.1.3 Culture 
 

Table 3 : Identified problems in Culture 

 

Barrier 2 
 

Identified Problems 

 
 
 
 

Culture 
 

• Reactive / firefighting behavior in shop 
floor. 

• Lack of awareness about current state. 
• Lack of lean culture. 
• There is lot of talk about the lean but there 

is no concrete applicability of lean 
throughout the shop floor. 

• Prioritizing is also a problem. 
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• A Kanban system exist, but it is not 
widespread and hence its usefulness is not 
seen. 

• The decision-making during a change in 
production plan does not involve 
everybody, who is affected by it. 

• Most of the employees are moved around 
departments due to lack of expertise. 
 

 

 

The plant manager was very vocal about the fact that there is a definite need for cultural 
change throughout the factory. A lack of lean lecture translated into a problem with the 
culture around the factory shop floor. Of course, the importance of lean is known to the 
production managers, although the application of these tools is not seen. A lot of the 
problems that were mentioned above can be associated with the fact that the culture within 
the company is very reactive. The attitude is such that it only encourages a firefighting 
behavior rather than a culture where the problems are foreseen before they appear or are 
completed eliminated from appearing in the first place. The earlier problem of not knowing 
where things are when needed, displays a very lethargic attitude towards the 
implementation of lean practices and procedures throughout the shop floor. Another 
example of a reactive attitude can be seen when in, an interview, the interviewee mentioned 
that concern is shown towards inventory only when things are not found in the place where 
they should be. Since the IT system is not updated well enough during the usage and 
movement of raw materials, the lack of current state knowledge is prevalent 
 
If the current state is not known, there is a danger of going into a repetitive cycle of 
firefighting, which is not desirable. This leads to the trouble of not being able to prioritize 
which problem to address first. There is also a lack of job description that leads to people 
not knowing the decisions they are responsible for. The employees think they have the 
liberty to take their own decisions. Also, the case company is performing better than its 
competitors, according to one of the interviewees. This is because they have a better quality 
of products, customer trust is high, and the customer is also willing to wait longer to get 
the right product. This could mean that there is a sense of complacency within the 
management when it comes to keeping lead times low to make sure the costs incurred by 
retaining raw material for a long time are low. The researchers believe this affects the 
culture around the factory since not everything being done at the factory is time-bound. 
The production managers have also managed to implement a KANBAN system, although 
it is not widespread, and hence, its effectiveness is not seen. The organization has also 
shown a shallow commitment towards dealing with soft issues within its factory. The 
production plan is such that it facilitates the addition of extra orders if ever need be. 
However, the inefficient warehouse management system is not competent enough to 
support this change as inventory management is inferior. Another problem voiced during 
the interviews is a lack of staff with expertise. This seems to be an organization problem 
where they have not been able to acknowledge the fact that there is a lack of skilled 
personnel that could improve material handling and warehousing throughout the factory. 
Sometimes, employees are either moved from department to department or are promoted 
to a new job without proper education and training. 
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4.1.4 Production Management  
 

Table 4 : Identified problems in Production Management 

 

Barrier 3 
 

Identified Problems 

 
 
 
 

Production management 

• High level of product complexity affects 
the lead time. 

• Failure to describe standard operation in 
construction area. 

• Daily meetings address only daily 
problems but nothing is learnt from it to 
avoid the problems in future. 

• Problems are not seen on the surface 
because nobody reports it. 

• Absence of supermarket system thus 
leading to the accumulation of 
inventory. 

• The supplier does not use production 
levelling technique and hence large 
batches of material daily which 
accumulate in the case company’s 
warehouse. 

 

The complexity of the product does not facilitate the reduction of lead times much. This 
is because the woodwork needed in the construction department takes time and cannot be 
scientifically managed. The standardization of such processes is challenging to achieve. 
The inability of the production department to learn from their previous mistakes is a 
problem that the company has not been able to deal with. The meetings do not prioritize 
the documentation of these problems. Hence, there is no opportunity to learn from them 
and standardize a few operations to make sure the mistakes do not appear. Suggestions are 
taken from the shop floor employees about new ways of working or about design changes. 
However, they are not encouraged to come up with trivial suggestions which could help 
reduce wastes and costs. Usually, the changes that are suggested are design changes that 
are consolidated by the revision of drawing. This problem is coupled with the fact that 
there is a lack of a reward system that could encourage employees to come forward with 
the smallest of the suggestions to improve processes or encourage the implementation of 
lean. There is an apparent lack of control points so that the processes are rechecked for 
problems. This lack of control points leads to faulty manufacturing, thus leading to waste 
generation and loss of capital. It also leads to inventory loss and subsequent delay. 
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4.2 Analysis  

4.2.1 Analysis of Barrier 1 
 

Table 5 : Possible solutions for barrier 1 

 

Identified Problems 
 

Possible solutions 

1. No proper warehousing system to 
handle the uncertainty of demand by 
the customers.  

2. IT system not updated enough to 
support the production processes.  

3. No traceability of materials from the 
warehousing to production facility.  

4. Improper data documentation related 
to manufactured goods and used raw 
materials.   

5. Inventory is managed with reactive 
attitude, when the items are over and 
nobody finds it anymore.  

6. A common communication platform 
is missing throughout the 
organization, related to data.  

7. Throughout the factory nobody 
knows the information about the 
fluctuations in the inventory levels.  

8. Increased level of stress due to 
missing of materials / items and no 
fixed locations for incoming 
materials to store, from the supplier.   

9.  The materials are pushed to the 
production facility and hence, creates 
chaos in finding and performing the 
tasks.    

 

• Control system planning for material 
handling. 

• Milk runs 
• Automated product identification 

(RFID). 

 
 

In the previous chapter, the problems in warehouse management were mentioned. These 
were a combination of IT system competence, lack of material traceability, improper data 
documentation, detrimental inventory accumulation, lack of common communication 
platform, lack of knowledge about the current state, and increased stress levels due to this 
incompetent system.  
 
The lack of a competent warehousing system was one of the major problems seen at the 
factory. If a proper warehousing system existed, it would have provided a great feedback 
to the inventory control system thus enabling managers to take the right decisions at the 
right time. This will also reduce the stress levels around the production facility. The IT 
system not being updated regularly led to problems within stock keeping. The company 
can invest in both hardware solutions and software solutions to solve this critical issue. 
The implementation of a RFID system supported by an IT solution for inventory stock 
keeping can make sure that the company has access to real time information about the 
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stock at hand. This information can also be shared in real-time with the suppliers for them 
to schedule their production appropriately. This will solve problems where traceability was 
very poor, real time information of stock levels was ambiguous. The company can also 
reduce unwanted materials at the shop floor by introducing the concept of milk runs. The 
need for information about the rate of consumption of material, tray capacity, speed per 
tray, and visit frequency can be found if a competent inventory control IT system is 
introduced. The milk runs can be started as a pilot project within the factory and then it 
can be translated to milk runs between the supplier and the manufacturer. Technologies 
like RFID facilitate the automatic identification of items around the shop floor and this 
keeps the database up to date thus enabling efficient inventory control. Many large 
manufacturers provide handheld devices to their material handlers which are battery 
powered. These devices can be used during pick up and drop of raw material at the 
assembly station thus keeping the database up to date and increasing the level of 
transparency of information. These handheld devices are rugged and thus suit the 
environment of a production shop floor. Another solution is the installation of RFID 
scanners at the entrance and exit of the warehouse to enable efficient stock keeping.  
 
Thus, the problems within warehouse management can be solved by using a control system 
for material handling which is supported by an efficient IT system, the implementation of 
milk runs and the introduction of technologies like RFID to facilitate automatic product 
identification. The implementation of these solutions can enable transparency on the shop 
floor and the elimination of ambiguity and stress. 
 

4.2.2 Analysis of barrier 2 
 

Table 6 : Possible solutions for barrier 2 

 
Identified Problems 

 
Possible Solutions 

1. Reactive / firefighting behavior in 
shop floor.  

2. Lack of awareness about current 
state.  

3. Lack of lean culture.  
4. There is lot of talk about the lean but 

there is no concrete applicability 
of lean throughout the shop floor.  

5. Prioritizing is also a problem.  
6. A Kanban system exist, but it is not 

widespread and hence its usefulness 
is not seen.  

7. The decision-making during a change 
in production plan does not involve 
everybody, who is affected by it.  

8. Most of the employees are moved 
around departments due to lack of 
expertise.  

 

• Managers must encourage collaborative 
actions. 

• Acceptance of culture being a 
competitive factor. 

• Line managers must enable better team 
building. 

• Development of one company wide 
culture supporting lean. 

• Embed changes into formal policies, 
procedures, processes, work standards, 
job descriptions and skills classifications. 

• Encouraging lean culture. 

 

In the previous chapter, the culture of being reactive to problems was mentioned. This 
was concluded from the interviews and observations at the case company. There is a total 
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lack of current state knowledge, and hence, when problems arise, nobody knows whom to 
go to and which problem to prioritize. The application of lean is also not concrete, and 
hence not all the employees know the benefits of the philosophy. The existing KANBAN 
system is not taken seriously, and hence the benefits of such a system are not seen.  
 
The implementation of lean principles requires a change in mindset and culture throughout 
the shop floor. This culture is defined by the behavior held by the employees and the depth 
of their hold on these behaviors. It is important for managers to encourage collaboration 
between employees thus enabling a synergy that is required for high organizational 
performance. The identification of the fact that soft issues are fundamental for a factory 
to become lean, is a necessity at the case company. The implementation managers must 
consider culture as a competitive factor and must not push the dust under the carpet. There 
is also a requirement for better team building at the case company. High levels of group 
collectivism, supported by a transformational management style, is essential to ensure 
concrete application of lean principles and its tools throughout the shop floor. The 
problem of an incompetent KANBAN system is due to a lack of collectivism and ideology 
differences as inferred from the interviews that were conducted. This highlights the need 
for the development of a vision and mission that is in line with the aim of developing a 
road map towards lean. Lean implementation facilitates efficient data documentation 
supported by an efficient data management IT system.  
 
The problem of firefighting can be reduced as efficient documentation will bring problems 
to the surface. When the problems are seen quickly, the attitude will slowly shift from being 
reactive to being preventive. It is necessary that the case company sets a steering committee 
for lean implementation who make sure that the changes being made are sustained. The 
steering committee must ensure that the changes are translated into formal policies, 
procedures, processes, work standards, job descriptions and skill classification. The top 
management needs to develop a companywide culture supporting lean since it is one of 
the most common reasons for the high failure rates of lean implementation. Of course, 
there will be individual ideologies and beliefs that people associate themselves with. 
However, when line managers encourage team building and the development of a universal 
culture within the organization, the benefits of such a mindset can be used to nurture the 
right type of environment for personal growth as well.  
 
Hence the case company must start with collaborative actions supported by the idea that 
organizational culture is a competitive factor. The line managers encouraging these 
collaborative actions must enable the development of a companywide culture and embed 
the changes being made into the fabric of the organization itself. 
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4.2.3 Analysis of Barrier 3 
 

Table 7: Possible solutions for barrier 3 

 
Identified Problems 

 
Possible solutions 

1. High level of product complexity 
affects the lead time.  

2. Failure to describe standard 
operation in construction area.  

3. Daily meetings address only daily 
problems but nothing is learnt from 
it to avoid the problems in future.  

4. Problems are not seen on the surface 
because nobody reports it.  

5. Absence of supermarket system thus 
leading to the accumulation of 
inventory.  

6. The supplier does not use production 
levelling technique and hence large 
batches of material daily which 
accumulate in the case company’s 
warehouse. 

 

• Competency building in various areas 
like technology, social skills, enterprise 
vision. 

• Improvement identification must be 
everyone’s obligation and not just the 
management. 

• Increase responsibility and involvement 
of employees by giving them ownership. 

 
 

The production department of the case company has failed to learn from its previous 
mistakes leading to waste generation in the form of inventory. The production managers 
must encourage the habit of ‘learning by doing’. This will inculcate the habit of taking up 
responsibility within the employees. The production department must be supported by the 
top management with the introduction of competency building activities in various areas 
like technology, social skills, and enterprise vision. The shop floor employees must be 
encouraged to offer improvement suggestions that can enhance operations. The employees 
with suggestions that are deemed to be good enough to be implemented on the shop floor 
must be recognized or rewarded to keep their motivation levels high. This will also in turn 
lead to a change in culture where employees feel valued and have a sense of ownership and 
responsibility. There is a need for better collaboration between design department and the 
production department to reduce product complexity and faulty production. An integrated 
approach of product and production development can bring modularity to the design and 
hence reduce the burden on the production department. A culture of continuous 
improvement within the production department needs to be implemented to reap the 
benefits of lean manufacturing. The individual and technology dimensions of production 
must work in synergy to establish standard ways of producing the products. Technology 
upgrade is essential since it can act as a support function for people to achieve their tasks 
efficiently. Implementation of technology that can access crucial meta data from the shop 
floor can help the case company identify problems and performance issues.  
 
Overall, the production department must have the human function, the technology 
function and the organizational function work hand in hand for any potential 
improvements to be applied. Competency building, improvement identification and 
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delegating ownership, are necessary steps that the case company must take to move 
towards lean. 
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5 Discussion 

5.1 Discussion of method 

 

The method used in this research is a case study method with an interpretivist approach. 
The research derives its framework from an extensive literature review about lean 
implementation and its implications on material handling operations. It helped us develop 
theory and the research questions, the researchers were looking to answer. The researchers 
believe that the advantage they had using a case study method is twofold. The first 
advantage is that it allowed us to conduct a detailed literature review about warehousing 
systems, material handling systems, internal material handling solutions, organizational 
culture influences on material handling decisions, supplier relationships. Hence, during 
observations and interviews, the researchers already had a specific knowledge about the 
problems and probable solutions. The second advantage was that case study methods give 
researchers a structured way to work and let us document different perspectives and 
viewpoints.  
 
Interviews were used as one of the primary data collection methods because it enables us 
to get a greater insight into the case company and their problems. The researchers believe 
this enabled us to raise the validity of the findings. The interviews were also recorded upon 
receiving permission from the interviewee, which makes the findings ethical. It also 
allowed the researchers to go back and listen to the recordings to confirm the findings in 
detail. The interviews were semi-structured, with the interviewees being given a set of 
questions beforehand. Their answers were expected to be related to the questions but not 
bound to just that specific question. This also enabled them to understand the purpose of 
the interview. Hence, they were better prepared for the interview. Keeping the interviews 
semi-structured gave the interviewees a sense of freedom to voice their concerns and 
opinions, thus raising the reliability of the findings.  
 
Findings were also generated through field notes and observations. These data collection 
techniques gave us the chance to analyze the problems at the case company in their natural 
setting. As mentioned in the method chapter, the more time the researchers spent on the 
shop floor, the shop floor employees trusted us more, and it was easier for them to talk to 
us about the issues in material handling. While observing the issues in their natural setting, 
it was easier to make a judgment about lean and its implementation on the shop floor. The 
analysis of the findings was done with the systems approach in mind. This enabled us to 
create a pattern of the empirical findings and then compare them to the theoretical 
background. These iterations of pattern matching enabled us to figure out the gaps within 
the area of lean and material handling at the case company.  
 
The method of reasoning throughout the report has been inductive. The usage of 
qualitative data enabled us to keep the reasoning inductive. Hence as the research was 
moving ahead, the researchers could go back and forth, altering the theoretical framework 
that was chosen in the beginning. This approach of going back and forth enabled the 
researchers to correct mistakes, and it raised the scope of the research.  
 
The downside of the research is the fact that the generalizability is low because the research 
is a single case study. This makes it hard for the conclusions to be used in the contexts 
found in other organizations. A large section of the shop floor employees spoke very little 
or no English, thus making it difficult for the researchers to interpret what was being said 
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in the right manner. However, this problem was tackled by using multiple data collection 
techniques to raise the reliability and credibility of the findings.  

5.2 Discussion of findings 

 

The purpose of this research was to evaluate and analyze internal material flow operations 
in a highly customized multi-variant product-based company. During the literature review, 
it was evident that various factors lead to improper use of shop floor space and subsequent 
material handling issues. The researchers believed that a better description of the problem 
at hand was needed and hence had multiple meetings with supervisors at the case company.  
This led to the development of two research questions that the researchers wanted to 
answer. They were:  

RQ 1: What are the existing challenges within material handling in a highly customized multi-variant 
craftsmanship dominated production system? 

Since the task was to identify problems in the internal material flow of the case company 
and find appropriate solutions for it, the initial assessment was that it was important to 
understand the problems mentioned in literature about material handling and logistics 
concerning lean manufacturing. Therefore, this is where the first research question comes 
into play. 
 
The case company, being a manufacturer of products that come with great customization, 
offered the researchers a very unique context to carry out the research. In order to 
understand the challenges within material handling in a highly customized multi-variant 
production system, it was necessary to carry out an extensive literature review about exiting 
theory about such a production system context. Upon this literature review, it was evident 
that companies that offer high customization to their customers, have to deal with 
challenges that exist in material handling and inventory control. The case company deals 
with a lot of craftsmanship in their shop floor and hence the research into this topic was 
necessary to make comparisons with the exiting literature and the empirical data that was 
found. Therefore, the findings were categorized based on the barriers highlighted in 
literature and thereafter, these findings were analyzed and appropriate solutions were 
provided within the context of the case company.  
 
Warehouse management systems have evolved into complex IT systems with high levels 
of automation. The case company has not kept pace with the development in warehousing 
systems and hence there is a gap in competency in their factory. A reason for this gap in 
competency could be that the company has always been a market leader and hence did not 
consider the repercussions of not implementing new technologies within warehouse 
management. Another reason could be that the company, being a family run company, has 
had good days throughout their life and hence never felt the need to change with time. 
The lack of traceability of materials is due to the fact that since there was a lack of experts 
who could pin point the problem at hand and then apply solutions to solve it. This was 
coupled with a very reactive attitude which developed because of inefficient database 
management and the organizational culture itself. This led to a scenario where the material 
handlers put all the raw material close to the assembly stations, thus accumulating 
inventory around the shop floor. The lack of traceability is also due to poor supplier 
customer relationship in terms of production management. The case company received 
large amounts of raw material daily even though they were not using these materials to 
manufacture products on a daily basis. This again led to accumulation of raw material. The 
lack of RFID technology made it hard to identify parts individually leading to the above-
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mentioned lack of traceability. All this led to high stress levels among the material handlers 
since they did not know how to find the right material at the right time.  
 
The challenges found in the case company with respect to culture were backed by theory. 
These soft issues are more often than not, avoided and not given much importance. A 
reason why these soft issues are not taken seriously is that when a company is doing well, 
it does not see pitfalls to its organizational structure and functions and hence does not 
react to these problems and pushes them aside. These biases lead to the creation of a 
culture within the company where lean manufacturing was not considered an ideology, but 
was considered a tool that was not really necessary to implement. This led to the 
firefighting behavior and also a lack of awareness of the current state of manufacturing at 
the case company. This bias also created a hinderance in the application of continuous 
improvement activities and employee recruitment. It restricted the ability of managers to 
implement changes within the shop floor that could lead to improvement in material 
handling.  
 
Biases are created within the factory and production managers are expected to eliminate 
them and create a transformational culture within the factory. This led to a lack of control 
points, to which the production managers can react, thus leading to prioritization problems 
and improper decision making. the challenges also highlight the need for better supplier 
customer relationship because the supplier was one of the reasons for the accumulation of 
material around the shop floor.  

The challenges also highlight that the company must understand the one crucial fact that 
lean must always be seen as a way of thinking, culture, and philosophy, rather than a tool 
or a technique that could solve problems overnight.  

 
RQ 2: How can lean methods be used to help solve material handling and inventory control issues in such 
a production system?  
 
After categorization of problems in the system, the next step was to answer the second 
research question, i.e., to find solutions to the categorized problems. This led us to conduct 
a literature review about the possible solutions.  
 
Mostly, these solutions were technical and needed the case company to make investments 
into technologies relating to inventory control, RFID systems, KANBAN systems, 
visibility improvements, and material flow improvements. The case company needs to 
understand the importance of the implementation of these technologies to create a path 
for the implementation of lean. The researchers believe that, only when these technologies 
are implemented, there will be a change in the firefighting behavior that exists within the 
factory. A reason for this is that, these technologies will bring problems to the surface and 
give the employees a better chance at solving these problems before they become critical. 
The benefits of these technologies will then be understood by the employees on the shop 
floor and thus the importance of lean will be accepted widely. The adoption of 
technological improvements will also result in training activities for the employees thus 
enabling them to get a wider idea of why lean is important and why its implementation is 
necessary for such a production system. The company must be able to reflect the benefits 
of lean implementation onto the employees so that there is a wider acceptance of change 
activities.  This is because, the implementation of lean can alter work methods, create 
standards and thus improve the productivity of the shop floor employees.  
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The current trend of Industry 4.0 needs the implementation of technology and lean 
activities before anything else. The researchers believe that lean implementation can be a 
stepping stone towards a more connected shop floor. Investments into technology can 
create a more transparent shop floor that provides real time data, which could provide the 
appropriate backbone for the implementation of Internet of Things (IOT) and cyber-
physical systems. Since the production at the case company is dominated by craftsmanship, 
the technology investment to be made towards material handling and inventory control so 
that the company can react to uncertainties quickly and learn from them. This learning will 
lead to standardization of methods and hence the same problems will not show up again. 
This is because, as time passes, the IOT system will keep collecting data and ensure that 
downtime prediction becomes more accurate. This will lead to better scheduling of 
operations since maintenance activities are now more predictive than reactive. The 
implementation of lean can lead to the implementation of IOT since both Industry 4.0 and 
lean share similar objectives that reduces waste, increases productivity, flexibility, speed, 
and quality. 

In conclusion, the problems of the case company mentioned in the findings have been 
addressed successfully by presenting solutions to different categories, namely, warehouse 
management, culture, and production management issues.   
 
 

5.3 Limitations of the research  

 
Since this thesis was focused on internal material handling issues at the case company, it 
meant that the results and analysis were limited to the case company and hence had low 
generalizability. The case company is a family-run company, and hence the actual 
applicability of the findings into this context could be less. It is not easy to make changes 
to organizations that lack the corporate culture that is usually seen in companies excelling 
at lean manufacturing. External factors like supplier lead times, supplier quality, and 
government policies were not considered as they go beyond the scope of the research. 
Also, the researchers were limited by time, which further reduced the chance to collect 
data on the issues mentioned before. However, the factors mentioned in this research are 
problems that, in the researchers’ opinion, directly influence the material handling at the 
case company.  
 
The validity and reliability of the research could have been better if the research was a 
multiple case study of organizations that represent the same context as the case company. 
Also, the internal validity could have been raised if the researchers were not limited by a 
time frame and had the opportunity to collect more historical data about production 
practices, past lean implementation projects, and their success rates. The external validity 
is satisfactory because the theoretical background is a combination of research papers that 
themselves were a combination of multiple case studies. Hence, this allowed us to 
understand the problem better, and the research did not limit us to just the case company.  
 

5.4 Implications of the research  

 
The research identified, explained and discussed problems found in a highly customized 
multi-variant product-based production using a single case study conducted at a caravan 
manufacturing company in Sweden. The researchers conducted a detailed literature review 
of the mentioned problems and further described them in the context of the case company. 
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This provided the case company with a set of solutions for their warehouse management 
systems, cultural issues, and production management issues. The findings of this research 
suggest that the case company, with its high level of craftsmanship, needs to invest in 
technological solutions, create a companywide culture supporting lean implementation and 
use them as the cornerstone for the implementation of IOT.  
  
The practical implication of this research is that companies, dealing with a great variety of 
products they offer and the vast amount of raw material that comes into the factory, need 
to enhance their material handling and inventory control so as to reduce costs and be 
successful in the implementation of lean principles throughout their shop floor. As 
mentioned before, a synergy between efficient material handling and inventory control 
practices, organizational decisions, and production management techniques has to be 
found to sustain the implementation of lean throughout the factory. Another practical 
implication of this research is the technical solutions mentioned in the analysis, where 
companies dealing with such problems are suggested to make investments into 
warehousing technologies to have greater visibility and accountability of materials that 
come into the factory. The implementation of RFID technology, wireless computers, and 
efficient data management systems is essential, to see any success in the reduction of large 
inventories that are unaccounted.  
 
The theoretical implication of the research is that there is a need for further investigation 
into family businesses and their influence over organizational decisions and factory 
management. The researchers believe that in the context of the case company, the 
influence of the top management was so significant that the factory operations were 
affected. Thus, any change that was to be made was challenging to implement. This also 
meant that the top management created the culture and translated it down to the shop 
floor. Another theoretical implication is that since these problems are highlighted in the 
research, readers will have a chance to understand problems in material handling and 
inventory control in the context of a family business with a multi-variant product portfolio. 
However, further investigation is needed, for example, a multiple case study approach of 
such organizations with the same context. 
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6 Conclusions 

 

The research establishes the fact that lean implementation is based on numerous factors, 
namely – people, technology, organizational vision, and values. The findings show that 
existing problems in material handling and inventory control can be categorized into three 
dimensions, which are – warehouse management systems, cultural issues, and production 
management issues. Based on an extensive literature review, the researchers believe that to 
overcome these problems, there is a need for a holistic approach. This approach includes 
the consideration of competence areas within the organization – technology competence, 
the competence of the employees, and the business objectives of the organization. The 
analysis shows that lean implementation within the case company can only be successful if 
a synergy between the above-mentioned factors is achieved.  
 
Initially, the purpose of the research question 1 was to find out about the existing 
challenges in material handling in a multi-variant product-based production system with 
high levels of craftsmanship. Upon conducting the case study, it was established that the 
problems within material handling are a combination of both technical and soft issues. The 
analysis showed that soft practices are fundamental for successful lean implementation in 
a factory. It also showed that organizational culture is a strategic competitive factor that 
companies must take advantage of. The analysis also showed that employee empowerment, 
training, and education, if aligned with technological advancements, can contribute 
towards continuous improvement, thus raising productivity, process efficiency, quality, and 
better collaboration between different departments in the factory.  
 
Research question 2 also shows that technological investments are necessary to achieve 
efficient material handling. In the current world, investing in technologies like RFID must 
be implemented to gain better visibility about the current state of inventory. Techniques 
like milk runs could help the company reduce inventory losses. There is also a need for 
better collaboration between the case company and its primary supplier to make sure that 
they receive the raw material in the right quantity, right place, and at the right time. 
Technologies like automated locator systems must also be used to make sure material 
storage and retrieval is efficient and problem-free.  
 
In conclusion, the thesis analyses the current state of the material handling and inventory 
control of the case company concerning different factors, namely – warehouse 
management, culture, and production management. These categories were created based 
on an extensive literature review that was conducted throughout the research process, thus 
confirming an inductive approach. The thesis also uses this literature review to provide 
solutions to the found problems. The solutions suggest that there is a need for the case 
company to concentrate on creating competencies within the factory that can enhance the 
material handling efficiency. The synergy between humans, technology, and organization 
needs to be achieved for the lean implementation to be successful.  
 

6.1 Generalization of the findings and suggestions  

 
This thesis has been conducted at a case company that has high levels of customized 
products. The researchers believe that since the research has used an interpretivist 
approach, using theory and empirical data to analyze the case in hand, the generalizability 
of the findings depends on the context where they are being applied. Most of the problems 
and solutions mentioned have been found in previous research. The theory supporting the 
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research is a combination of lean manufacturing, its principles, lean logistics, production 
management techniques, warehouse management, milk runs, Kanban systems, and 
supplier-customer relationships. Hence, the researchers believe that the findings had the 
right framework to be analyzed with, and hence opportunity to generalize is raised.  
 
In the conclusion, the researchers mentioned the need to concentrate on soft issues like 
training, education, and competency creation as an important factor for lean 
implementation success. Various companies suffer from cultural differences between shop 
floor employees and top management. Hence, the researchers believe that the findings 
further strengthen the need to take these soft issues seriously and the need to collaborate 
with employees even further to make sure the required efficiencies are achieved. Supplier 
collaboration is another factor that needs strengthening within the organization as supplier 
decisions are not independent but are somewhat interdependent with the performance of 
the case company. Suppliers’ decisions have resulted in excess inventory accumulation, and 
this has led to the current problem that the case company faces. Hence the need for better 
supplier collaboration goes beyond the context of the case company and can be applied to 
various other contexts and industries.  
 

6.2 Further research  

 
The research has been conducted in a company with a highly customized, multi-variant 
product-based production system. There is a need for further investigation into such 
organizational contexts and their effects on decisions within material handling and 
inventory control. The case company, being a family-run company, presents problems that 
need further research into the effects of a family-run business on supplier decisions, 
organizational culture, employee motivation, training, and education. The research avoids 
the pitfall of such a company culture and its effects on material handling and inventory 
control decisions. Due to the time constraints, the research was restricted to a single case 
study. There is a need for multiple case studies of highly customized multi-variant product-
based production systems within similar organizational contexts. The research lacked a 
value stream mapping of the whole material handling processes due to privacy issues. 
Hence, further research is needed to value stream map the process so as to consider the 
problems within information flow, which was not the focus of the thesis.
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9 Appendices 

Appendix 1 Interview questions for the Logistics Manager  

1) Logistics –  
a. Who is responsible? 
b. Are there problems?  

i. If yes, where are they? 
ii. What is their effect? 
iii. How much of the effect is seen on the surface? 
iv. When is the problem actually visible? 

c. How is information transferred during the logistics process? 
i. Who handles replenishment? 

1. How is that information transferred? 
2. Who is responsible for such decisions? 
3. Who is the information transferred to? 
4. Between which departments is the information transferred? 
5. How is the need for replenishment identified? 
6. Is it pulled from upstream processes or is it pushed from 

downstream? 
ii. How is the inventory tracked? 

1. Who is accountable to keep track of inventory? 
2. What kind of technological systems are used to track 

inventory? 
3. Are there challenges with using these systems? 
4. Are there any suggestions from employees to improve the 

system? 

A few open-ended questions and conversations at the end of the interview.  
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Appendix 2 Interview questions for the Sales department  

1) What are you responsible for? 
a. Are there some key decisions you take? 
b. Which department are you in contact with frequently? 
c. Who does your team consist of? What decisions do they take? 

2) How often do retailers place orders? 
a. Is the demand seasonal? 
b. What are the lead times of the orders? 
c. How often are you in contact with the retailers? 
d. Is there s away to keep the demand within an optimal limit? 
e. Do retailers share buyer behavior data with you? Do you think it would 

help? 
3) While making decisions, is the production and logistics department consulted? 

a. If yes, what do you discuss? 
b. Is there a common communication platform? 
c. Is there transparency during the decision making? 

4) How involved are you in setting up the annual production plan? 
a. Are the limits of the whole supply chain considered before coming up with 

the production plan? 
b. Once you have an annual order list, who do you contact next? 

5) Are there any problems that you have been facing? 
a. If yes, why do the problems arise? 
b. When does it become a problem? 
c. Do you have any solutions in mind? 

6) What is your opinion about pull systems (lean manufacturing)? 
a. What role would you play for production to be smooth? 
b. Do you believe communication would be better? 
c. Would the demand be stable with easier predictability of buyer? 

7) Some open-ended questions and conversations and final comments.  
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Appendix 3 Interview questions for the Plant Manager 

1) Please describe your responsibility as the plant manager.  
a. What are the decisions you are involved with? 
b. Who comes next in the chain of command? 

2) What is your opinion about the case company’s culture when it comes to 
manufacturing and daily operations? 

a. Is it an aim of yours to move towards a lean culture within the factory? 
b. Are there any initiatives being taken in this regard? 
c. Are there any particular changes you want to see? 

3) Being the plant manager, how well is the company performing compared to the its 
competitors? 

a. What is the benchmark of comparison? 
4) Are there any problems you have been facing? 

a. Have there been improvements to solve them? 
b. How often are you informed about these problems? 
c. Do you have meetings with your employees regularly to understand these 

problems?  
d. Is there a culture within the production facility where problems are 

documented for future reference? 
5) Material handling and shop floor space utilization are the issues we are trying to 

solve. Do you have any knowledge about these problems? 
a. Have there been financial investments dedicated to these issues? 
b. Based on a previous interview, it feels like a lot of decisions then in the 

material handling department are reactive. Do you have some knowledge 
about it? 

c. Why do you think that is the case? 
d. How often do you speak to the logistics manager? 

6) How well does the existing technology compliment production? 
a. Are there investments being made on –  

i. Technology that improves inventory/warehouse management? 
ii. New machines? 

7) How efficient are the channels of communication within the company? 
a. Does the design department understand the implications of their decisions 

on the production department, the material handling department, the sales 
department? Do they get a chance to collaborate with each other often, 
thus enabling them to take better decisions? 

8) With the excess inventory you have, do you believe a different approach towards 
production management is needed? 

a. Pull systems? 
b. A pull system highlights the need for a common, highly transparent 

communication platform. Do you think likewise? 
c. A lack of staff to manage inventory was also highlighted. Your comments 

about that?  
d. There was also a mention about how certain employees are not sure about 

their description and hence are confused about what they should do and 
what they must leave to someone else.  

9) Any suggestions regarding solutions to material handling and warehousing issues? 
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